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Abstract-The aim of this project is to economically analyze Coal Bed Methane (CBM) development in Nigeria. This will offer an opportunity to use gas from the Nation huge coal reserves for domestic and exportation purposes to boost the economy of Nigeria. CBM can be used to generate power as well as manufacture alternative products. The profitability of coal bed methane (CBM) project depends on factors such as seam thickness, gas content, methane content, coal rank and permeability. Its economics are influenced by other variables, such as fiscal policy, depth of coal seam, volume of water disposal, access to market and price of gas. Potential and existing sites for coal bed methane extraction in Nigeria were identified. Kim's equation was used to estimate the gas content. The gas-in-place was derived with Volumetric method. Methane quantification was estimated using Eddy curve. It is observed that the ultimate reserves, the capital costs, and the gas price have significant effect on the net present value (NPV) and internal rate of returns (IRR) and thus the economic viability of the project. Economic analysis of LNG and Pipeline projects for gas transmission were comparatively examined. It is observed that the gas price and demand at the market hub depend largely on the mode of transmission. 
Index Terms-Coal

I. INTRODUCTION
When organic material is geologically turned into coal, Methane gas is produced. Coal Bed Methane (CBM) is a water saturated coal, such that methane is trapped within the coal in the conversion process.
Nigeria has major unexploited coal resources. The federal government has recently reiterated its commitment to boost the energy sector by utilizing the abundant coal reserve in the country [4] .
According to the Nigerian Coal Corporation [12], the Anambra basin located in the south eastern Nigeria appears to contain the largest and most viable coal resources. The basin is constrained by the Niger River on the west, the Benue River on the north and the Enugu Escarpment on the East. There are existing literatures related to the operational parameters and economics of coal-bed methane production. The key data required for analysis of coal bed methane reservoirs are gas resources, reserves and deliverability [7] . Gas in place in a CBM reservoir can be estimated using the parameters such as average in-situ gas content, coal thickness, reservoir or well drainage area and average in-situ coal density [9] . They stated that gas reserves can be calculated by multiplying gas-in-place by the estimated recovery factor at the economic limit. The flow of fluids (gas and water) to the wellbore (deliverability) in CBM reservoirs takes place through the natural fracture system (cleats) [3] . They concluded that the properties of the natural fracture system have the greatest effect on gas and water production rates and that an accurate estimate of deliverability requires accurate estimates of the coal natural fracture system flow properties. As shown in [1] , only certain ranks of coal are suitable for CBM production. As temperature and pressure increase, the rank of the coal changes along with its ability to generate and store methane. Each type adsorbs different volumes of methane and the ability for coal to store methane increases with rank. According to [6] , coal bed methane production requires lowpressure pipeline systems and facilities for water disposal and the lack of an existing infrastructure (from a conventional natural gas play) can make initial costs high. Higher gas prices or tax credits may be needed to make development economic.
III. DERIVATION OF COAL DATA IN NIGERIA
The analysis assumed a well spacing of 100arces and recovery factor of 50% for each coal field. The study employed Kim's equation to estimate the average gas content as:
Where; V is the methane gas adsorbed, M is the moisture content, A is the Ash content, Vw is Volume of gas adsorbed on wet coal, Vd is Volume of gas adsorbed on dry coal, b is the adsorption constant due to temperature change, T is the temperature at given depth, K and N depends on the rank of coal and is express as ratio of fixed carbon to volatile matter.
Volumetric method was used to estimate the Gas in place. Eddy curve was used to quantify the methane gas contained in each Coal seam.
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Where; G is the Gas in place, A is the Area, Sgi is Gas saturation, Bgi is the Gas formation volume factor and Փ is Porosity.
A. Oba Nnewi Basin
Let the well spacing be 100acres. Applying Kim's equation: GCaverage =332.14 scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 1,054,613,130scfUsing a 50% recovery factor and 2 drilled holes, Reserve gas = 1,054,613,130scf.
The maximum methane resources per ton of in situ coal contained in the Oba Nnewi basin is estimated to be 309cf/ton using Empirical curve introduced by Eddy.
B. Ogboyoga Basin
Applying Kim's equation: GCaverage =332.14 scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 2,157,663,490scf. Using a 50% recovery factor and 27 drilled holes; Reserve gas = 29,128,457,300scf. From Eddy curve, Methane resources = 310cf/ton C. Okaba Basin Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 9,546,997,390scf. Using 50% recovery factor and 17 core holes drilled, Reserve gas = 81,149,477,900scf. From Eddy curve, Methane resources = 327cf/ton.
D. Orukpa Basin
Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 1,853,214,000scf. Using 50% recovery factor and 11 holes drilled, Reserve gas = 10,192,677.000scf. From Eddy curve, Methane resources = 327cf/ton.
E. Ezimo Basin
Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 983,864,271scf. Using 50% recovery factor and 4 core holes drilled, Reserve gas = 1,967,728,400scf. From Eddy curve, Methane resources = 308cf/ton.
F. Orukpa Basin
Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 4,069,529,970scf Using 50% recovery factor and 36 core holes drilled, Reserve gas = 73,251,539,600scf. From Eddy curve, Methane resources = 329cf/ton.
G. Inyi Graben
Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas
H. Onyeama Graben
Applying Kim's equation: GCaverage = 332.14scf/ton. Using volumetric method to calculate the Gas in place, Gas in place = 4,928,559,680scf. Using 50% recovery factor and 23 core holes drilled, Reserve gas = 56,678,436,300scf. From Eddy curve, Methane resources = 312cf/ton. As shown in table 4, the analysis estimated the total cost required for each case with reference to the World Bank report on LNG and Pipeline projects [4] . V. RESULTS
The analysis used an excel spreadsheet to estimate the profitability of each Coal field. As shown in Table 5 to 7, the study assumed three case scenarios. The Excel spread sheet result of the LNG and Pipeline projects analysis are tabulated in table 9. From analysis of the sensitivity, it is observed that the Taxes, Royalty CAPEX, OPEX, Production rate and the Gas price have significant effect on the Net present value (NPV), Internal rate of returns (IRR) and the Discounted Payback period thus the economic viability of the project. Change in the Interest rate has significant effect on the Net Present Value but little or no effect on the Internal rate of return and the Discounted payback period.
Increase in the ultimate reserves, production rate and the price of gas will make the production of coal bed methane more profitable in Nigeria. The ultimate reserves can be increase, if potential areas of CBM are exploited.
Decrease in CAPEX and OPEX will lead to an increase in the NPV, IRR, Discounted Payback and thus an increase in the profitability of CBM production. To reduce the capital cost, technology that is not expensive and environmentally friendly should be employed.
Decrease in Taxes and Royalties will lead to an increase NPV and IRR results. This will lead to an early discounted payback period of the investment. Therefore, potential investors can be encouraged, if incentives are provided in the country's fiscal regime for coal mining exploitations. Decrease in the Interest rate will result to an increase NPV.
From table 8, the LNG project is cost effective than the Pipeline project. The study shows how the difference in distance will affect the comparative costs of LNG and Pipeline projects. From figure 1 , the cost of pipeline quickly increases with distance since the analysis assumed that the pipeline cost calculation is simply based on cost per length. The whole cost depends on the length here, regardless of how real this is or not.
In the case of LNG, much of the investment is made in the liquefaction and re-gasification which are not distance dependent. The part of shipping in the whole LNG chain is surely distance dependent, but its share in the total cost of the chain is rather small. The study used the "cross distance" shown in figure 1 to be the transportation distance above which LNG is economically more advantageous. From figure 1 , the cross distance is 2107km. The analysis describes the following factors affecting the cross distance.
(1) Effect of Potential Pipeline Cost Cut: The result shows an increase in the cross distance. considerably increase economic development of CBM. 4) When there are many markets scattered on the transmission route, the pipeline may be a better selection for supplying broader markets. 5) Gas transmitted through LNG projects is stored properly because it is initially liquefied. 6) Parallel pipelines connected in the form of loop are cost effective than single pipeline projects. 7) The actual cost of upstream exploration of CBM field and downstream transportation through LNG and Pipeline varies from project to project. 8) LNG has benefit from storage function and access to diversified natural gas supply sources.
